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HR600P is the newest member of a family of thermosetting acetylene-substituted 
P°^ mlde oligomers. This oligomer is the isoimide version of the oligomer known as 
HR600P and Thermid 600.* Although both types of material yield the sa m e heat resis- 
tant end products after cure, HRoOOP has much superior processing characteristics. 
This is attributed to its lower melting temperature (160 + 10°C, 320 + 20°F) in 
contrast to 202°C (396°F) for Thermid MC-600, its longer gel time at Its processing 
temperature (16-30 minutes vs 3 minutes), and its excellent solubility in low boiling 
solvents such as tetrahydrofuran, glymes, or 4:1 methyl ethyl ketone/toluene mix- 
tures. These advantages provide more acceptable coating and impregnation procedures, 
allow for more complete removal at lower temperatures, provide a longer pot life or 
working time, and allow composite structure fabrication in conventional autoclaves 
used for epoxy composite curing. The excellent processing characteristics of HR600P 
allow its use in large area laminated structures, structural composites, and molding 
compositions. The HR600P and HR60XP, where X is the degree of polymerization of the 
oligomer, materials will be produced in the future by National Starch and Chemical 
Company , Bridgewater, New Jersey. 


DISCUSSION 

In 1961, research was initiated, under U.S. Air Force Material Laboratory 
sponsorship (reference 1) , aimed at the development of high temperature resins for 
composites which cure by addition reactions. A unique system of resins was developed 
based on the homopolymerization of an acetylene end group by heat alone. These 
oligomers were difunctional acetylene-terminated polyimides, sufficiently low in 
molecular weight and having the necessary structural features to impart solubility 
and fusibility during their processing. 

Polyimides in general tend to be insoluble, intractable materials. Even as low 
molecular weight prepolymers special consideration had to be given to the polymer 
ackbone to impart fusibility and solubility to the acetylene-terminated polyimide 
prepolymer. Numerous combinations of aryldiamines, difunctional aromatic acid 
anhydrides and 3-aminophenylacetylene finally gave a composition of an oligomer 
depicted by Figure 1 which had reasonably good processibility. 


*Gulf Oil Chemical Company Trade Mark 
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Figure 1. Specific designations: Thermid 600 When n * 1» 

HR- 6 OX when n = X. 

This oligomer was prepared by the reaction of benzophenonetetracarboxylic dianhydride 
(BTDA), l,3-bis(3-aminophenoxy)benzene (APB) and 3-aminophenylacetylene (APA) in 
molar ratios of 2:1:2. By varying the molar ratio of the reactants, the value of n, 
also called the degree of polymerization DP, could be varied. The oligomer with a 
DP of one was found to be very promising both as a molding and as a matrix resin and 
was initially licensed to Gulf Oil Chemical Company and marketed under the trade 
name Thermid 600. It has found utility as matrix resin for glass and graphite 
reinforced composites, chopped graphite reinforced molding compounds, adhesives for 
titanium, self-lubricating composites, bearing retainers, adhesives for other poly- 
imides such as Kapton, and matrix resin for printed wiring boards. Thermid 600 has 
the proven ability to meet both long term (under 550°F) and short term exposure 
(over 550°F) with minimal degradation of mechanical properties. In the past, these 
resins have had limited acceptability because their high melting point and rapid cure 
allow a very limited time at viscosities acceptable for processing. 

Also, the resins have a relatively limited solubility in common solvents. The 
processing window becomes even smaller with higher DP oligomers. In the past, a 
number of approaches have been tried to improve the processibility of these oligomers. 
For example, the incorporation of acetylene-terminated reactive diluents met with 
limited success because of the lack of mutual solubility of the oligomer and diluent. 

A new approach was tried several years ago to improve the processibility of 
these oligomers. It was found that, under specific conditions, an isomeric form of 
these oligomers can be made which has a lower melting temperature and is soluble 
in a wide variety of common solvents when compared to the imides. This isomeric 
form is the iminolactone or isoimide form and is depicted by the structure shown in 
Figure 2. 
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Figure 2. - Isoimide form of oligomer. 
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This structure is metastable and readily converts irreversibly to the imide 
form, either by heat or by catalysis. There are numerous references in the liter- 
ature to this phenomenon (reference 2 and 3). The formation of the isoimide struc- 
ture is through the cyclodehydration of the amic acid precursor by selected dehy- 
drating agents. Thus, depending upon the cyclodehydration method used, the imide 
or isoimide structure is formed. This is depicted in Figure 3. 
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Figure 3, - Imide- Isoimide formation and conversion. 


due to ^ nU ? er °u ±Somers P° ssible for the isoimide compared to the imide and 

oHenmp ltS asymmetry, the isoimide version of the Thermid 600 is known as HR600P 

amic^riM 1 ±S prepa J ed by che ”i ica l rather than thermal cyclodehydration of the 

80 nP ™ d / re ^ rS °u* Generally » the HR600P has an isoimide content greater than 
0 percent. The theoretical structure is depicted in Figure 4. 



Figure 4. - HR600P Acetylene- terminated poly iso imide oligomer. 


The spectrum for the imide form is depicted in Figure 5 and that of the isoimid* 
version in Figure 6. The I.R. spectrum of the imide form shows the expected C=0 
(sym 1707-1730 cm -1 , asym 1776-1794 cm -1 ). The I.R. spectrum of the isoimide shows 
C=0 at 1789-1841 cm -1 , C=N at 1680-1730 cm -1 , and a characteristic broad band base 
at 900-950 cm“^ which can be attributed to the lactone ring with an exo-double bond. 



Figure 5. - HR600P Acetylene- terminated isoimide oligomer. 



Figure 6. - Thermid MC-acetylene-terminated polyimide oligomer. 
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A study reported in the literature with N- 


•substituted phthaloisoimide. Figure 7, 



Figure 7. - Configurations of Isoimide and Imlde forms of N-substltuted 
phthaloisoimide. 


shows a significant difference in melting point of the isoimide form over that of 

noin^i ^ L de P ±cts this difference. The dramatic decrea s rin meUing 

point is very significant. Also, the solubility of the isoimide form in a nmber 

increased ^ ** in,ide VerSi ° n ±S s P«ingly soluble is great^ 


TABLE I - Melting Points O f Comparable Imides and Isoimides (reference 3) 


N-Substi tuted 
Phthaloisoimide 

M.P 

.°c 

Imide 

Isoimide 

C 6 H 5 ' 

207-8 

110-2 

°- CH 3 C 6 H 4 " 

180-1 

135-6 

P- CH 3 OC 6 H 4 - 

203-4 

112-4 

o-CH„OC,H. - 
j 6 4 

158-9 

116-7 


- ' The stru cture of the acetylene-terminated isomeric oligomers differs from that 

tional Sr 0 " i imide °if 80me rs only in the arrangement of atoms in the fuTc- 
lT?fu yCle formed. Thus, the preparation of both oligomers requires the 

acetylene-terminated ^ mo " omers but different reaction conditions. The 
acetylene-terminated polyisoimide analogous to Thermid MC-600, and having a degree 

and DP^m^ed ° f 1 iS referred to an in this discussion. The DP 

nd DP X materials are referred to as HR602P and HR60XP, respectively. The HR600P 

HR60np e h m S S ab ° Ut 150 - 160 ° C ’ wherea ® Thermid MC-600 melts at 195-205o C . Also 
? aS exc ® llent solubility in such solvents as tetrahydrofuran, glyme, N N- 
ime thy lace tamide, N-methylpyrrolidone and other amide or ketone solvents. 
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Upon heating and curing the HR600P converts to a thermally and oxidatively 
stable polymer having good physical properties. Figure 8 compares the infra-red 
spectra of molded and cured specimens of HR600P and MC-600. The similarity of the 
spectra is striking. The enhanced processibility permits the use of a wider range 
of DP's t han has been possible with acetylene-terminated polyimides. Oligomers with 
high DP's are still very processible and have been particularly useful for coatings 
where flexibility and toughness are important. The fabrication of good quality 
composites using conventional autoclaving techniques (starting with a cold mold and 
curing at moderate temperatures) has been demonstrated. Sharp angular shapes were 
molded from graphite fiber composites. Such shapes are very difficult to produce 
with other high performance polyimides. 
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Figure 8. - Comparison of infrared spectra of molded and cured (700 *F/16 hrs 
air) of MC-600 and HR600P resins. 
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Properties and Processibility of HR60XP Oligomers 

^ ZllV: 31 ' 18 8 iTV ’ flowing. yellow powder. Its properties are 

TABLE II - Properties of HR600P 


Melting Range 

320 + 20°F (160 + 10°C 

Gel Time (see Figure 9 ) 

Traditional Method 

6-7 minutes @ 190°C 
6 minutes @ 218°C 

Rheometrics 

30 minutes @ 190°C 
8 minutes @ 210°f: 

Solubility 

tetrahydrofuran 

dimethylformamide 

4:1 methyl ethyl ketone/ toluene 

N-me thy lpy r r o 1 i dinone 

Cellosolve 

Molecular Weight 

M yt 'V. 2600 
w 

M n -v 1100 

Viscosity (Rheometric 

Minimum 2.3 x 10* noise 0 190 °r. 

3.6 x 10 3 poise @ 210OC 
Time to reach 10 3 poise 

8 minutes @ 190°C 
8 minutes @ 210°C 
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THERM ID 600 . 



HR600P 

EFFECTIVE 




GEL TIME AT 210*C 
10.3 CYCLES FER SEC) 


GEL TIME AT 190*C 
(0.3 CYCLES FER SEC) 


Figure 9. - Gel times of Thermid 600 and HR600P. 
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•3TES iTa\%:%\°g 6 oTa F pS t S y d g?/^ can^' M 

approximately that obtained for Xhermid MC~60of ° achieved, which is 



Figure 10. - Differential scanning calorimetry curves for Thermid MC-600 and 
HR600P resins. 


shown S ^ e T|ble C IIl^ ermal mechan±Cal properties for the molded HR600P oligomer are 
TABLE III - SelecQTia gqqJ, M&afraBlSal Properties of Mol d ed HRfinnP nn, r 


Neat Resin Properties 

Values 

Tensile Strength 

(Specimen size, 2 in. gauge length) 
(Rate at loading, .05 in. /min.) 

8500 psi at 21°C (70°F) 
4000 psi at 316°C (600°F) 

Tensile Modulus 

730.000 psi at 21°C (70°F) 

180.000 psi at 316°C (600°F) 

Elongation at Break 

1.2Z at 21°C (70°F) 
4.2 Z at 316°C (600°F) 

Glass Transition Temperature, 
Tg by TMA 

300°C after 8 hrs. @ 370°C air postcure 
350°c after 15 hrs,@ 370°C air postcure 
330°C after 4 hrs. <§ 400OC air postcure 
354°C after 8 hrs. @ 400°C air postcure 

Density 

1.34 g/cc 
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Composites 

The high processibility of the HR600P oligomer makes this oligomer particularly 
amenable to the state-of-the-art autoclaving molding techniques. The P”®®*®** 1 ., y 
is compared to two other high temperature, high performance resins, namely LARC-160 
and NRC-150 in Figure 11. It should be noted that with the HR600P oligomer, the 
parccanbe easily formed .t 375»F starting with a cold cold. After »««~1 hours, 
the part can be removed from the autoclave end postcured In an oven. This cannot 
be easily accomplished with the other two resins. 

Typically, a glass clogh prepreg is prepared by coating the doth with a lacquer 
25 percent by weight of HR600P resin in tetrahydrofuran containing one 

percent^of N^l^oUdiLne In the uXcT 

the same^lacguer using a^dl^tank^nd^a Collin £ trahyd ; ofuran u u8ed to reacti- 
vate Lck and drape. The bulk may be reduced every fourth ply by vacuum bagglng 
for thirty minutes. After the final ply, the layup is oven dried at 140 F f or 1 
hours under vacuum. The debulked preform is then molded using the cycle 
Figure 11. A typical postcure involves 15QOF to 45QOF in 2 hours, hold at 450 °f 



Figure 11. - Comparison of autoclave cycles of HR600P with high 
performance resins LARC-160 and HR-150. 
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Jot 1 hour. 450°F to 600°F in 2 hours, hold at 600°F in 3 hours, 600°F to 700°F 
In 1.5 hours, and hold at 700°F for 6 hours. In the case of compression molding, 
it is necessary to introduce about 5 percent by weight of Cab-O-Sil to the resin 
to prevent excessive squeeze-out of the resin or to advance the resin to a suit- 
able viscosity for molding. 

... J ecen J rest results of HR600P HTS unidirectional graphite laminates show that 
8 l etlS £® tention Properties are good. It is difficult to compare this data 
with that of Therraid 600 since those laminates were made by compression molding 
techniques whereas HR600P laminates were made by vacuum bag autoclaving techni- 
ques. Figures 12 and 13 depict the change in flexural strength and shear strength 
as a function of heat aging in air at 550°F up to 1000 hours. Most noteworthy is 
the small change m these values when measured at room temperature. It should be 

noted that these measurements were made on samples prepared by an unoptimized 
process. 



Figure 12. 


Change In flexural strength as function of air aging at 550 °F. 



Figure 13. - Change In shear strength as function of air aging at 550 °F. 
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Coatings and Films 


Good quality films and coatings could be made from the HR60XP oligomers 
having DP’s of five or greater. High solid content resins can be formulated 
in a solvent mixture containing tetrahydrofuran and N-methylpyrrolidone. After 
dvring, these coatings can be cured at the usual cure temperature where homo- 
polymerization of the acetylene group takes place (500-600°F). Steel test spec 
mens coated with HR605P oligomer and cured at 600°F had excellent corrosion and 
moisture resistance. Good quality films could be cast from lacquers formulated 
from HR605P and HR610 oligomers. 
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